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(57) 	 ABSTRACT 

A torsion spring comprises an inner mounting segment. An 
outer mounting segment is located concentrically around the 
inner mounting segment. A plurality of splines extends from 
the inner mounting segment to the outer mounting segment. 
At least a portion of each spline extends generally annularly 
around the inner mounting segment. 

10 Claims, 3 Drawing Sheets 
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PLANAR TORSION SPRING 

GOVERNMENT INTEREST 

The invention described herein was made in the perfor-
mance of work under NASA Contract No. SAA-AT-07-003, 
as is subject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, as amended (42 U.S.C. 
2457). 

TECHNICAL FIELD 

The present invention relates, generally, to a torsion spring, 
and more specifically, to a torsion spring for use with a robotic 
arm. 

BACKGROUND OF THE INVENTION 

Robots, in particular robotic arms, are often used in manu-
facturing and assembly plants to perform repetitive functions. 
The robotic arms often include joints to connect one portion 
of the robotic arm to another to facilitate the dexterity of the 
robotic arms and allow for relative movement between the 
two portions. This commonly includes the use of a rotational 
joint to move one portion of an arm with respect to another. 
Springs incorporated into the joint can be used to allow com-
pliance between two portions of the arm. Spring compliance, 
or deflection, can be measured to determine the torque expe-
rienced at the joint. 

The task being performed by the robotic arm determines 
the torque and deflection requirements of the robotic arm. 
Additionally, the size of the robotic arm is determined by the 
work which the arm will be used for and size constraints that 
may be associated with the working environment. The size 
and the capacity of the torsion spring used in the joint are, 
therefore, dependent on these factors as well. 

SUMMARY OF THE INVENTION 

A torsion spring for a robot arm that can provide increased 
strength and deflection with a small width is desired. A tor-
sion spring comprises an inner mounting segment. An outer 
mounting segment is located concentrically around the inner 
mounting segment. A plurality of splines extends from the 
inner mounting segment to the outer mounting segment. At 
least a portion of each spline extends generally annularly 
around the inner mounting segment. 

A robot arm includes a robot j oint having at least one drive 
component and an output link mounted to the robot joint. The 
torsion spring is located between the robot joint and the 
output link of the robot arm. 

A method of operating the robot arm includes mounting the 
inner mounting segment of the torsion spring to the at least 
one drive component within the robot joint and mounting the 
outer mounting segment of the torsion spring to the output 
link of the robot arm. The method further includes moving the 
at least one drive component within the robot joint to rotate 
the inner mounting segment of the torsion spring relative to 
the outer mounting segment of the torsion spring. The relative 
rotation causes a plurality of splines to elastically deform. 
Releasing the at least one component within the robot joint 
allows the plurality of splines to return to the undeformed 
position and the inner mounting segment of the torsion spring 
to return to the original rotational position. 

The above features and advantages, and other features and 
advantages of the present invention will be readily apparent 
from the following detailed description of the preferred 

2 
embodiments and best modes for carrying out the present 
invention when taken in connection with the accompanying 
drawings. 

5 	BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of a portion of a 
robot arm including a robot joint and a planar torsion spring; 

FIG. 2 is a frontal perspective view of a first embodiment of 
10 a planar torsion spring for use with the robot arm of FIG. 1; 

FIG. 3 is a rear view of the first embodiment of the planar 
torsion spring for use with the robot arm of FIGS. 1 and 2; 

FIG. 4 is a second embodiment of a planar torsion spring 
for use with the robot arm of FIG. 1; and 

15 	FIG. 5 is a third embodiment of a planar torsion spring for 
use with the robot arm of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 

Referring to the Figures, wherein like reference numbers 
refer to the same or similar components throughout the sev-
eral views, FIG. 1 schematically illustrates a robot arm 10 
including a robot joint 12 and an output link 14. A torsion 

25 spring 16 is mounted on a firstportion 18 of the robot j oint 12. 
The output link 14 can be mounted to the torsion spring 16 to 
form the robot arm 10. 

The torsion spring 16 has an inner mounting segment 22 
and an outer mounting segment 24. In the embodiment 

30 shown, the inner mounting segment 22 is a bolt circle formed 
by a first plurality of apertures 26 as shown in FIG. 2. The first 
plurality of apertures 26 (shown in FIG. 2) corresponds to 
drive components 28 within the first portion 18 of the robot 
joint 12. Bolts 30 extend through the first plurality of aper- 

35 tures 26 to attach the torsion spring 16 to the drive compo-
nents 28 in the robot j oint 12. The outer mounting segment 24 
is also a bolt circle formed by a second plurality of apertures 
32. The second plurality of apertures 32 corresponds to a link 
mounting segment 34. Bolts 30 extend through the second 

40 plurality of apertures 32 to attach the output link 14 to the 
torsion spring 16. 

FIG. 2 is a schematic perspective view of the torsion spring 
16. The torsion spring 16 has a generally planar disc shape. 
The torsion spring 16 has a spring diameter 36 and a spring 

45 thickness 38. The spring diameter 36 is determined based 
upon the size of the robotic arm 10 (shown in FIG. 1) which 
the torsion spring 16 will be used with. That is, the spring 
diameter 36 is such that, the size of the first plurality of 
apertures corresponds to the drive components 28 (shown in 

5o FIG. 1) and the size of the second plurality of apertures 32 
corresponds to the link mounting segment 34 (shown in FIG. 
1). The spring thickness 38 may be varied to satisfy the 
capacity requirements of the torsion spring 16. A typical 
spring thickness 38 in this embodiment may be one eighth to 

55 one quarter of an inch. An increase in the spring thickness 38 
causes a proportional increase in stiffness of the torsion 
spring 16. The torsion spring 16 is preferably formed from 
maraging steel, which is a steel composite having high yield 
strength when compared with many other steels and steel 

60 composites. Other materials may also be used to form the 
torsion spring 16, including steel, steel composites and plastic 
materials. One skilled in the art would be able to determine 
the proper material to form the torsion spring 16 for the 
particular application in which it will be used. 

65 	A plurality of splines 40 extend between the inner mount- 
ing segment 22 and the outer mounting segment 24. In the 
embodiment shown, there are two splines 40. The number of 



US 8,176,809 B2 
3 

splines 40 may be varied based upon the performance capac-
ity required of the torsion spring 16. For example, an increase 
in the number of splines 40 may increase the spring rate of the 
torsion spring 16 but decrease the rotational compliance of 
the torsion spring 16. One skilled in the art would be able to 
determine the proper number of splines 40 to achieve the 
performance capacity desired for a particular application of 
the torsion spring 16. 

The splines 40 are attached to the inner mounting segment 
22 at a first portion 42 and are attached to the outer mounting 
segment 24 at a second portion 44. For each spline 40, the first 
portion 42 is attached to the inner mounting segment 22 at a 
different circumferential position than the second portion 44 
is attached to the outer mounting segment 24. The first portion 
42 extends radially out from the inner mounting segment 22 
to a center portion 46. The second portion 44 extends radially 
inward from the outer mounting segment 24 to the center 
portion 46. The center portion 46 extends generally annularly 
around the circumference of the inner mounting segment 22 
and within the circumference of the outer mounting segment 
24. In FIG. 2, the splines 40 extend in a clockwise direction 
from the inner mounting segment 22 to the outer mounting 
segment 24. 

The splines 40 each have a spline width 48. The spline 
width 48 varies along the center portion 46. The spline width 
48 increases as the center portion 46 approaches the first 
portion 42 and the second portion 44 and narrows in the 
middle of the center portion 46. By increasing or decreasing 
the average spline width 48 the spring rate of the torsion 
spring 16 may be changed. One skilled in the art would be 
able to determine the proper spring rate and spline width 48 
for a particular application of the torsion spring 16. 

FIG. 3 shows the torsion spring 16 from an opposing face 
50. That is, FIG. 2 illustrates a first face 52 and FIG. 3 
illustrates and opposing face 50. In FIG. 2, the splines 40 
extend in a clockwise direction from the inner mounting 
segment 22 to the outer mounting segment 24. In the FIG. 3 
the splines 40 extend in a counter-clockwise direction from 
the inner mounting segment 22 to the outer mounting segment 
24. The torsion spring 16 may be mounted to the robot arm 10 
(shown in FIG. 1) such that first face 52 or the opposing face 
50 are in contact with the link mounting segment 34. 

In operation, the inner mounting segment 22 is actively 
rotated, by the drive components 28 of the robot joint 12. The 
rotation of the inner mounting segment 22, by the drive com-
ponents 28 will cause the outer mounting segment 24 and the 
subsequent output link 14 of the robot arm 10 to rotate if there 
are no outside forces acting on the output link 14. However, if 
outside forces are acting on the output link 14, the splines 40 
will elastically deform causing relative motion between the 
inner mounting segment 22 and outer mounting segment 24 
of the torsion spring 16, as indicated by arrow 62 of FIGS. 2 
and 3. Removing the net torque between the drive component 
28 and the output link 14 will allow the splines 40 to return to 
the undeformed position. 

The splines 40 allow for the relative rotational movement 
between the inner mounting segment 22 and the outer mount-
ing segment 24. Tabs 54 protrude radially outward from the 
inner mounting segment 22. As the inner mounting segment 
22 is rotated relative to the outer mounting segment 24, an 
outer surface 56 of the tabs 54 may contact extensions (not 

4 
shown) on the output link 14 to provide a positive stop for the 
torsion spring 16. In the embodiment shown, for example, the 
torsion spring 16 may deflect up to 5 degrees when the maxi-
mum torque load is applied to the inner mounting segment 22. 

5  To prevent further deflection, the tabs 54 would contact the 
extensions on the output link 14 of the robot arm 10 at 5 
degrees of deflection. 

FIG. 4 shows another embodiment of a torsion spring 116. 
10 The torsion spring 116 operates in a similar manner as 

described above. The torsion spring 116 has an inner mount-
ing segment 122 and an outer mounting segment 124. In the 
embodiment shown, the inner mounting segment 122 is a bolt 
circle formed by a first plurality of apertures 126. The outer 

15  mounting segment 124 is also a bolt circle formed by a second 
plurality of apertures 132. 

The torsion spring 116 has a generally planar disc shape. 
The torsion spring 116 defines a spring diameter 136 and a 

20  spring thickness. The spring diameter 136 is determined 
based upon the size of the bolt circle formed by the second 
plurality of apertures 132. The spring thickness may be varied 
to satisfy the capacity requirements of the torsion spring 116. 
An increase in the spring thickness causes a proportional 

25 increase in the stiffness of the torsion spring 116. 
The splines 140 are attached to the inner mounting segment 

122 at a first portion 142 and are attached to the outer mount-
ing segment 124 at a second portion 144. For each spline 140, 

30 
the first portion 142 is attachedto the innermounting segment 
122 at a different circumferential position than the second 
portion 144 is attached to the outer mounting segment 124. 
The first portion 142 extends radially out from the inner 
mounting segment 122 to a center portion 146. The second 

35 portion 144 extends radially inward from the outer mounting 
segment 124 to the center portion 146. The center portion 146 
extends generally annularly around the circumference of the 
inner mounting segment 122 and within the circumference of 

40 
the outer mounting segment 124. The splines 140 on the 
torsion spring 116 extend in clockwise direction from the 
inner mounting segment 122 to the outer mounting segment 
124. 

The splines 140 each have a spline width 148. The spline 
45 width 148 varies along the center portion 146. The spline 

width 148 increases as the center portion 146 approaches the 
first portion 142 and the second portion 144 and narrows in 
the middle of the center portion 146. The splines 140 have a 
decreased average spline width 148 when compared with the 

so splines 40 of FIG. 2. As discussed above, by increasing or 
decreasing the average spline width 148 the spring rate of the 
torsion spring 116 may be changed. One skilled in the art 
would be able to determine the proper spring rate and spline 

55 width 148 for a particular application of the torsion spring 
116. 

In operation, the inner mounting segment 122 is actively 
rotated by the drive components 28 of the robot joint 12 to 
move relative to the outer mounting segment 124, as indicated 

60  by arrow 162. The splines 140 allow forthe relative rotational 
movement. Tabs 154 protrude radially outward from the inner 
mounting segment 122. As the inner mounting segment 122 is 
rotated relative to the outer mounting segment 124, an outer 

65  surface 156 of the tabs 154 may contact extensions (not 
shown) from the output link 14 to provide a positive stop for 
the torsion spring 16. 
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FIG. 5, is another embodiment of a torsion spring 216. The 
torsion spring 216 operates in a similar manner as described 
above. The torsion spring 216 has an inner mounting segment 
222 and an outer mounting segment 224. In the embodiment 
shown, the inner mounting segment 222 is a bolt circle 
formed by a first plurality of apertures 226. The outer mount-
ing segment 224 is also a bolt circle formed by a second 
plurality of apertures 232. 

The torsion spring 216 has a generally planar disc shape. 
The torsion spring 216 defines a spring diameter 236 and a 
spring thickness. The spring diameter 236 is determined 
based upon the size of the bolt circle formed by the second 
plurality of apertures 226. The spring thickness may be varied 
to satisfy the capacity requirements of the torsion spring 216. 
An increase in the spring thickness causes a proportional 
increase in the stiffness of the torsion spring 216. 

The splines 240 are attached to the inner mounting segment 
222 at a first portion 242 and are attached to the outer mount-
ing segment 224 at a second portion 244. For each spline 240, 
the first portion 242 is attached to the inner mounting segment 
222 at a different circumferential position than the second 
portion 244 is attached to the outer mounting segment 224. 
The first portion 242 extends radially out from the inner 
mounting segment 222 to a center portion 246. The second 
portion 244 extends radially inward from the outer mounting 
segment 224 to the center portion 246. The center portion 246 
extends generally annularly around the circumference of the 
inner mounting segment 222 and within the circumference of 
the outer mounting segment 224. The splines 240 on the 
torsion spring 216 extend in clockwise direction from the 
inner mounting segment 222 to the outer mounting segment 
224. 

The splines 240 each have a spline width 248. The spline 
width 248 varies along the center portion 246. The spline 
width 248 increases as the center portion 246 approaches the 
first portion 242 and the second portion 244 and narrows in 
the middle of the center portion 246. As discussed above, by 
increasing or decreasing the average spline width 248 the 
spring rate of the torsion spring 216 may be changed. One 
skilled in the art would be able to determine the proper spring 
rate and spline width 248 for a particular application of the 
torsion spring 216. 

In operation, the inner mounting segment 222 is rotated 
relative to the outer mounting segment 224, as indicated by 
arrow 262. The splines 240 allow for the relative rotational 
movement. 

Tabs 254 protrude radially outward from the splines 240. 
Notches 260 located in the outer mounting segment 224 pro-
vide a stop to prevent unwanted deflection of the torsion 
spring 216. As the inner mounting segment 222 is rotated 
relative to the outer mounting segment 224 the tabs 254 may 
contact the notches 260 to provide a positive stop for the 
torsion spring 216. The inner mounting segment 222 may be 
rotated in the clockwise or the counter-clockwise direction 
relative to the outer mounting segment 224 and the notches 
260 provide a positive stop for the tabs 254 for both rotational 
directions. This feature provides a positive stop for the torsion 
spring without requiring modifications or additions to other 
components of the robot arm 10. 

While the best modes for carrying out the invention have 
been described in detail, those familiar with the art to which 

6 
this invention relates will recognize various alternative 
designs and embodiments for practicing the invention within 
the scope of the appended claims. 

The invention claimed is: 
5 	1. A torsion spring comprising: 

an inner mounting segment; 
an outer mounting segment located concentrically around 

the inner mounting segment; 

to 	a plurality of splines extending from the inner mounting 
segment to the outer mounting segment, wherein at least 
a portion of each spline extends partially annularly 
around the inner mounting segment; and 

a plurality of tabs, each respectively protruding radially 
15  outward from a center portion of one of the plurality of 

splines, wherein the center portion extends in a partially 
annular direction around the inner mounting segment, 
wherein the plurality of tabs contact the outer mounting 

20  segment after a predetermined amount of relative move-
ment between the inner mounting segment and the outer 
mounting segment. 

2. The torsion spring of claim 1, wherein each of the splines 
further comprises: 

25 	a first portion extending radially inward toward the inner 
mounting segment; 

a second portion extending radially outward toward the 
outer mounting segment; and 

30 	
wherein the center portion is located between the first 

portion and the second portion. 
3. The torsion spring of claim 1, further comprising a 

plurality of notches formed by the outer mounting segment, 
wherein the plurality of tabs each contact the plurality of 

35 notches respectively after a predetermined amount of relative 
movement between the inner mounting segment and the outer 
mounting segment. 

4. The torsion spring of claim 3, wherein the relative move- 

40 
ment between the inner mounting segment and the outer 
mounting segment is in one of the clockwise and the counter-
clockwise direction. 

5. The torsion spring of claim 1, wherein at least one of a 
spline width, spring width, spring thickness, and number of 

45 splines determine a spring rate for the torsion spring and 
maximum load capacity for the torsion spring. 

6. A robot arm comprising: 
a robot joint having at least one drive component; 
an output link mounted to the robot joint; 

So 	
a torsion spring located between the at least one drive 

component and the output link, wherein the torsion 
spring includes; 
an inner mounting segment connected to the at least one 

55 	drive component; 
an outer mounting segment located concentrically 

around the inner mounting segment, wherein the outer 
mounting segment is connected to the output link; 

• plurality of splines extending from the inner mounting 
60  segment to the outer mounting segment, wherein at 

least a portion of each spline extends partially annu-
larly around the inner mounting segment; and 

• plurality of tabs, each respectively protruding radially 
65  outward from a center portion of one of the plurality 

of splines, wherein the center portion extends in a 
partially annular direction around the inner mounting 
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segment, wherein the plurality of tabs contact the 
outer mounting segment after a predetermined 
amount of relative movement between the inner 
mounting segment and the outer mounting segment. 

The robot arm of claim 6, wherein each of the splines 
further comprises: 

a first portion extending radially inward toward the inner 
mounting segment; 

a second portion extending radially outward toward the io 
outer mounting segment; and 

wherein the center portion is located between the first 
portion and the second portion. 

8. The robot arm of claim 6, further comprising a plurality 
of notches formed by the outer mounting segment, wherein  

8 
the plurality of tabs each contact the plurality of notches 
respectively after a predetermined amount of relative move-
ment between the inner mounting segment and the outer 
mounting segment. 

9. The robot arm of claim 8, wherein the relative movement 
between the inner mounting segment and the outer mounting 
segment is in one of the clockwise and the counter-clockwise 
direction. 

10. The robot arm of claim 6, wherein at least one of a 
spline width, spring width, spring thickness, and number of 
splines determine a spring rate for the torsion spring and 
maximum load capacity for the torsion spring. 
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